Cancer and Cardiovascular Diseases-To test the effectiveness of a low-intensity intervention program for smoking cessation targeting the worksite environment in employees who had a low readiness to quit, we conducted an intervention trial at six intervention and six control worksites in Japan. A total of 2,307 smokers at baseline who remained at their worksite throughout the three-year study period were analyzed (1,017 in intervention and 1,290 in control groups). The multi-component program at the worksites consisted of (1) presenting information on the harms of tobacco smoking and the benefits of cessation by posters, websites, and newsletters; (2) smoking cessation campaigns for smokers; (3) advice on designation of smoking areas; and (4) periodic sitevisits of the designated smoking areas by an expert researcher. At baseline, the intervention and control groups each had high prevalence of immotive or precontemplation, that reflected low readiness to quit (71.5% and 73.2%, respectively). The smoking cessation rate, as not having smoked for the preceding six months or longer, assessed at 36 months after the baseline survey by a self-administered questionnaire was significantly higher in the intervention group than the control group (12.1%, vs. 9.4%, p=0.021). The intervention program still had a significant effect on the smoking cessation rate after multiple logistic regression analysis adjusted for sex, age, type of occupation, age of starting smoking, quit attempts in the past, number of cigarettes per day, and readiness to quit (odds ratio: 1.38, 95% confidence interval: 1.05-1.81, p=0.02). The cost per additional quitter due to the intervention was calculated to be ¥70,080. These findings indicate that this program is effective and can be implemented in similar workplaces where the prevalence of smoking is high and smokers' readiness to cease smoking is low. (J Occup Health 2006; 48: 175-182) 
Population strategies to prevent smoking such as having a smoke-free policy at workplaces are considered to have made substantial contributions to smoking cessation in Western countries 1) . However, it is uncertain whether population strategies are effective in countries with a high prevalence of smoking 2) and a high proportion of smokers with a low readiness to quit 3) , such as Japan. The High-risk and Population Strategy for Occupational Health Promotion study (HIPOP-OHP study), which was started in 1998 and was funded by the Japanese Ministry of Health, Welfare and Labour, implemented programs for reducing cardiovascular disease risk factors at worksites 4, 5) . The aim of this project was to promote three behavioral changes in workers: better dietary habits, increased physical activity and smoking cessation. The intervention program for smoking cessation targets workers at the worksite environment rather than merely targeting smokers, and consists of several low-intensity components. In this report, we assess the effectiveness of a three-year intra-worksite intervention program as measured by the smoking cessation rates as part of the HIPOP-OHP study.
Methods

Study population
The details of this controlled trial have been described elsewhere 4) . Briefly, we recruited 12 companies in Japan, each of which had 500-1,000 employees. A low-intensity, multi-component smoking intervention program was implemented in six companies in the intervention group, while it was not implemented in the other six companies in the control group, according to the preference of the Safety and Health Committee at each company. The prevalence of smoking at baseline as assessed by a selfadministered questionnaire that was administered in 1999 and 2000, was 44.3% (1,382/3,121) in the Intervention group, and 45.1% (1,736/3,848) in the control group. Among the current smokers at baseline, 73.6% (1,017/ 1,382) of the smokers in the intervention group and 74.3% (1,290/1,736) of the smokers in the control group remained at their worksite throughout our three-year study period and were included in our analysis. The intervention and control groups each consisted of one worksite with white-collar workers (the intervention group, a life insurance company: n=72; the control group, a research laboratory of an electrical appliance manufacturer: n 55) and five worksites with blue-collar workers (one chemical plant in each group: n=201 vs. 184; and four electric appliance factories in each group: n=94-302 vs. 179-445, respectively).
Intervention methods
The intervention for smoking cessation consisted of the following four components: (1) placing posters with information on smoking cessation at worksites, and placing information on stages of change in smoking cessation behavior on worksite websites and in worksite newsletters; (2) conducting a six-week worksite smoking cessation campaign that consisted of <1> delivery of five brochures on the stages of change in smoking cessation behavior; <2> short-term counseling sessions a total of four times with prescriptions for nicotine patches for 28 days if requested; <3> giving an award to the winner among those who continued to abstain from smoking during the campaign; (3) providing suggestions to individuals on ways to avoid second-hand smoking and designation of smoking areas by the Safety and Hygiene Committee at the worksites, and (4) conducting periodic site-visits to the designated smoking areas by an expert researcher once a year 4) . Components (1) and (2) were conducted by on-site personnel (mainly a public health nurse) at each worksite, with materials and technical support provided by our research group. We anticipated that these comprehensive but low-intensity programs would increase smokers' readiness to quit smoking, and that those who succeeded in cessation would affect other smokers. We set the intervention period to be 36 months, which is longer than that of typical intervention studies on smoking cessation, on the basis of the assumption that the majority of the smokers had low readiness to quit smoking. At each worksite, the smoking cessation campaign was held five times during the 36-month intervention period. During the intervention period, 12.3% (125/1,017) of the smokers in the intervention group participated in the smoking cessation campaign voluntarily, and 79 (63%) of them received the shortterm counseling sessions with prescription of nicotine patches.
All twelve participating companies had neither a company-wide smoke-free policy nor designated smoking areas from which tobacco smoke did not leak outside the smoking area, at the beginning of the study. No interventions on smoking cessation were provided to the control group, although they received routine annual health check-ups at worksites with advice on health by occupational physicians. Approval for this study was obtained from the Institutional Review Board of Shiga University of Medical Science for Ethical Issues (No. [10] [11] [12] [13] [14] [15] [16] .
Outcome measurement and statistical analyses
Smoking status was assessed 36 months after the baseline survey using a self-administered questionnaire which was distributed at each worksite. The smoking cessation rate was defined as the proportion of group members who reported not smoking any cigarettes for six months or longer prior to the survey. To examine the effectiveness of the intervention within the intervention period, we also compared the smoking cessation rate between the two groups at 12 months and 24 months after the baseline survey. The significance of differences in the cessation rates was assessed by chi-square tests. We used multiple logistic regression analysis to obtain odds ratios (ORs) with 95% confidence intervals (CIs) to adjust the effect of the intervention for potential confounding factors obtained from the baseline survey. In the analysis, sex, age (<30 yr/30-39/40-49/50-59), type of occupation, age at which the individual started smoking (<20 yr/20+), whether the individual attempted to quit smoking in the past, number of cigarettes per day (<20/20+), and readiness to quit smoking at study entry were included as independent variables. These classifications were performed to allocate an appropriate number of study subjects to each variable. We used dummy variables in age categories. Readiness to quit smoking was categorized into three categories: (1) the immotives (not interested in quitting smoking) or precontemplation stage (interested in quitting smoking but not thinking about quitting in the next 6 months), (2) the contemplation stage (planning to quit within the next 6 months), and (3) the preparation stage (planning to quit during the next month) 6, 7) . The stepwise method for logistic regression analysis was also used. The reported p-values are for two-sided alternative hypotheses. Data analyses were performed with the SAS/PC statistical package (SAS Institute, Cary, NC).
In addition, we performed a cost-effectiveness analysis of this intervention when the adjusted odds ratio for the intervention was statistically significant. In the analysis, we calculated the number of additional quitters due to the intervention to be:
Number of subjects in the intervention group (1017) × [smoking cessation rate among the control group × (adjusted odds ratio-1)].
The cost of the intervention program was estimated to be the opportunity costs (a) for the providers of the components, who were the on-site personnel including worksite physicians at each worksite, (b) for the smokers who participated in the smoking cessation campaign and (c) for the researchers, plus the cost of the materials used in the intervention. The earnings used to calculate the opportunity costs were as follows. For the worksite physicians among the providers who participated in the smoking cessation campaign, the hourly earning of ¥4,760 was used. For the other providers and for the participants, the hourly earning of ¥1,420 was used, which was based on the average hourly earning of workers at manufacturing companies in Japan in 2005. For the researchers, the earning of ¥14,100 per day was used, which is the cost of reimbursement for technical advice or instruction as set by the Ministry of Health, Labour and Welfare of Japan. The cost per additional smoker who quit smoking due to the intervention was expressed with the 95% CI using the lower and upper limits of the adjusted odds ratio. Table 1 shows the baseline characteristics of the study Figure 1 shows the smoking cessation rates at 12, 24 and 36 months after the baseline survey. There was a steady increase in the cessation rate over the 36-month period in both groups. The intervention group showed a higher smoking cessation rate than the control group throughout the study period. Overall, the intervention group had a significantly higher cessation rate than the control group (12.1% (n=123) vs. 9.4% (n=121), p=0.02, Table 2 ). When expressed as percentages of gender, age, occupation, smoking behavior and attitude, the cessation rates were higher in the intervention group than in the control group for most subgroups ( Table 2) .
Results
Multiple logistic regression analysis showed that age of 50 yr or older, white-collar occupation, having attempted to quit in the past, and having higher readiness to quit (stages of contemplation and preparation) were significantly associated with high smoking cessation rate at 36 months after study entry (Table 3 ). The intervention group had a significantly higher cessation rate than the control group after adjustment for confounding factors (OR:1.38, 95% CI:1.05-1.81, p=0.022). In the stepwise method, six pairs of subgroups showed significant differences: age, 50-59 yr against those aged 20-29 yr, white-collar workers against blue-collar workers, having attempted to quit in the past, contemplation stage against immotive or precontemplation stage, preparation stage against immotive or precontemplation stage, and intervention. Intervention still had a significant effect in the stepwise method (OR:1.36, 95% CI:1.04-1.78, p=0.027).
In the cost-effectiveness analysis, the number of additional quitters due to the intervention was calculated to be 1,017 × [0.094 × (1.38-1)]=36.3. The total cost of the intervention program was ¥2,543,964, as shown in Table 4 . The cost per additional quitter was thus ¥70,080 (¥2,543,964 /36.3). Using the 95% CI for the adjusted odds ratio of the intervention, the 95% CI of the cost per additional quitter ranged from ¥32,800 to ¥532,200.
Discussion
Worksites are important venues for promoting lifestyle modifications to reduce cardiovascular disease risk 8) . In Japan, there was a study showing that repeated individual counseling on smoking cessation at the worksite had a significant positive effect on smoking cessation 3) . However, there have been no trials assessing the effect of a comprehensive but low-intensity program at the worksite. There have been several intervention trials at worksites for smoking cessation using environmental support for no-smoking [9] [10] [11] [12] or using comprehensive smoking cessation programs [13] [14] [15] [16] [17] . However, those programs that showed significant effectiveness had an "enriched menu", that featured skilled intervention 9) , use of a cigarette substitute 12) , frequent group sessions 16) or integration of occupational health and safety and health promotion 17) . The current study demonstrated that our three-year, multi-component program at worksites increased the probability of smoking cessation by approximately 1.4 times. The stratified analysis showed a favorable effect of the intervention for almost all subsets, some of which were related to smoking behavior.
A strength of this study is its potential generalization, due to the large number and their comprehensive range of ages and occupations. In addition, the low-intensity smoking cessation program was administered only by onsite employees at each worksite. This may allow the generalization of our results to other worksites with similar smoking environments and high prevalence of smokers with little readiness to quit smoking.
The cost per additional quitter was ¥70,080 (equivalent to U.S.$610 in October 2005). This cost is less expensive than the "high-intensity" interventions administered by primary care clinicians and smoking cessation specialists in which participants do not use nicotine replacement as recommended by the Agency for Health Care Policy and Research of the U.S. ($2,100-$7,900) 18) , and is similar to the cost per quitter in companies with a smoke-free workplace policy ($799) 19) . Our univariate analysis demonstrated the intervention group showed a statistically higher smoking cessation rate than the control group among heavy smokers who smoked 20 cigarettes or more per day (p=0.016) and those who had no quit attempts in the past (p=0.022), but not among light smokers (p=0.249) nor those who had quit attempts in the past (p=0.358). We had assumed the low intensity program would be more effective on the workers who were light smokers and had quit attempts in the past. These statistically insignificant findings might result from the relatively higher smoking cessation rates shown among in the light smokers (11.9%) and those who had quit attempts in the past (14.2%) in the control group, although the reason was not well-determined.
There were three notable limitations that may have affected the outcome of our study. First, the participating worksites were not randomly assigned to receive or not receive the intervention program. There were different distributions of some baseline characteristics among the smokers in the intervention and control groups, which may have affected the smoking behaviors in the two groups. However, our stratified analyses showed a superior cessation rate in the intervention group in the majority of subgroups stratified by possible confounders. In addition, factors related to smoking behavior were adjusted using the stepwise method for logistic regression analysis, even though the effect of the model-based adjustments could be limited, because some characteristics of the background were considerably different between the intervention and the control groups.
Second, unexpectedly, due to the economic recession in Japan during the study period, there were a considerable number of dropouts as a result of lay-offs, in addition to dropouts through personnel changes and retirement in both groups. However, the dropout rate in the intervention group was very similar to that in the control group and it is considered that the reason for layoff in the majority of cases was not unhealthy status related to smoking. In addition, we compared the cessation rates between the two groups prior to the endpoint, and found a consistent tendency for superior cessation rate in the intervention group.
Third, since we had no feasible alternative but to rely on self-reports for assessment of the smoking status, the possibility of false reporting cannot be fully denied. However, as the subjects were told that all completed questionnaires would remain confidential, it is realistic to assume there was no reason for the smokers to answer falsely. Furthermore, the same questionnaire was used in both the intervention and control groups and was administered at the time of annual health check-ups. Therefore, a non-differential misclassification of the response might have occurred, which would result in underestimation of the effectiveness of the intervention.
In conclusion, we have demonstrated that a comprehensive and low-intensity smoking cessation program conducted by human resources personnel at worksites significantly increased the smoking cessation rate, even though the majority of smokers in this study had low readiness to quit smoking at baseline. The finding indicates that this program is effective and can be implemented in similar workplaces where the prevalence of smoking is high and smokers' readiness to quit smoking is low.
